Oxytocin has been shown to decrease cocaine taking and seeking in male rats, suggesting potential treatment efficacy for drug addiction. In the present study, we extended these findings to the assessment of cocaine seeking and taking in female rats. Further, we made direct comparisons of oxytocin's impact on cocaine induced locomotor activity in both males and females. In females, systemic oxytocin (0.3, 1.0, 3.0 mg/kg) attenuated lever pressing for cocaine during selfadministration and oxytocin (1.0 mg/kg) attenuated cue-induced cocaine seeking following extinction. Cocaine increased baseline locomotor activity to a greater degree in females relative to males. Oxytocin (0.1, 0.3, 1.0, and 3.0 mg/kg) reduced cocaine-induced locomotor activity in females, but not significantly in males. These data illustrate sex similarities in oxytocin's attenuation of cocaine seeking, but sex differences in cocaine-induced locomotor effects. While reductions in cocaine seeking cannot be attributed to a reduction in locomotor activity in males, attenuation of locomotor function cannot be entirely ruled out as an explanation for a decrease in cocaine seeking in females suggesting that oxytocin's effect on cocaine seeking may be mediated by different mechanisms in male and females.
modulation by oxytocin receptor function of the HPA axis (Landgraf and Neumann, 2004) and oxytocin innervation of forebrain regions (Windle et al., 2003) .
Oxytocin potently modulates natural and drug reward processes via interactions with the brain dopamine system. Following synthesis in the magnocellular neurons of the supraoptic and paraventricular nuclei of the hypothalamus, oxytocin is secreted by axon terminals in the posterior pituitary into systemic circulation (Choy and Watkins 1977) . Oxytocin produced in the parvocellular neurons of the paraventricular nuclei project to various brain regions, such as the nucleus accumbens (Knobloch et al., 2012) . Growing evidence has suggested an important role for oxytocin in drug addiction (Sarnyai and Kovács, 2014) . Some researchers have hypothesized that recreational drugs stimulate the oxytocin system (Dumont et al., 2009) and that social bonding and drug addiction might share underlying neural substrates (Liu et al., 2011; Young et al., 2011 ). This idea is further supported by findings that drug and alcohol dependent individuals typically display antisocial traits and poor socially conscious decision making (Dawe et al., 2004) .
In regards to addiction, systemic and site-specific oxytocin administration decreased morphine tolerance and withdrawal (Kovacs et al., 1985; Sarnyai and Kovacs, 1994) . Central oxytocin infusions impaired methamphetamine-induced conditioned place preference and stress-induced reinstatement (Qi et al., 2009 ). Moreover, oxytocin decreased both meth-and cocaine-seeking following self-administration (Carson et al., 2010a; Cox et al., 2013; Zhou et al., 2014) and attenuated cocaine-induced hyperlocomotion and stereotyped behavior (Sarnyai and Kovacs, 1994) . Combined, this research suggests that oxytocin has potential as a therapeutic target for drug dependency and addiction (McGregor and Bowen, 2012) .
The peripheral and central oxytocin systems are sexually dimorphic. Male and female rats differ in their distribution of oxytocin receptors within the reward circuitry (Dumais et al., 2013) . Females display lower receptor expression in regions such as the nucleus accumbens, caudate putamen, and medial amygdala. Therefore, oxytocin may have different therapeutic effects in males and females. Sex differences have also been well characterized in cocaine addiction and dependency. Studies have found that while males are more likely to develop an addiction to cocaine (Brady and Randall, 1999) , females are more likely to begin use at an earlier age (Weiss et al., 1997) and progress more rapidly from casual use to dependence and addiction (Westermeyer and Boedicker, 2000; O'Brien and Anthony, 2005) . These findings are emulated in animal models. Female rats display greater motivation to seek cocaine than males across different stages of addiction (Lynch et al., 2002;  for review see Carroll and Anker, 2010) and exhibit greater maintenance of responding for cocaine (Fuchs et al., 2005) . While female rats reinstate less than or equally to males in a cue-induced reinstatement paradigm (Fuchs et al., 2005; Feltenstein, Henderson, and See, 2011) , females display increased reinstatement following cocaine-prime or stress (Anker and Carroll, 2010; Buffalari et al., 2012; Feltenstein et al., 2011) .
Previously, Zhou and colleagues (2014) reported that oxytocin decreased active lever presses, cocaine intake during self-administration, and conditioned cue induced cocaine seeking following extinction in males. Here, we expanded this question to females by assessing oxytocin's effect on cocaine intake during self-administration and cue-induced reinstatement. Further, female rats display enhanced cocaine-induced locomotor activity relative to males (van Haaren and Meyer, 1991; Walker et al., 2001 ) and oxytocin decreased motor activity to a greater extent in females (Zhou et al., 2015) . However, as the extent to which oxytocin impacts cocaine-induced locomotor activity in males and females has not been tested, we determined whether oxytocin administration before cocaine would impact locomotor activity in males and females. Given the sexual dimorphisms in the oxytocin system, we predicted that oxytocin would have a greater impact in females.
Methods and Procedures

Subjects
Adult male (weighing 275-300 g) and female (weighing 205-225 g) Sprague Dawley rats (Harlan, N=145) were single-housed on a reversed 12:12 light-dark cycle (lights off at 6:00 a.m.) in a temperature-and humidity-controlled vivarium. All experimental procedures were conducted during the dark cycle. Rats received water ad libitum and were kept on a stable intake diet 15-30 g of standard rat chow (Harlan, Indianapolis, IN, USA) daily throughout the study. Procedures were conducted in accordance with the "Guide for the Care and Use of Laboratory Rats" (Institute of Laboratory Animal Resources on Life Sciences, National Research Council, 2011) and approved by the IACUC of the Medical University of South Carolina.
Surgery
Anesthesia consisted of IP injections of ketamine (66 mg/kg, IP, Vedco Inc, St Joseph, MO, USA) mixed with xylazine (1.3 mg/kg, IP, Lloyd Laboratories, Shenandoah, IA, USA), and an additional injection of equithesin (0.5 ml/kg: sodium pentobarbital 9.72 mg/kg, chloral hydrate 42.5 mg/kg, and 21.3 mg/kg magnesium sulfate heptahydrate dissolved in 44% propylene glycol, 10 % ethanol solution). Ketorolac (2.0 mg/kg, IP, Sigma, St. Louis, MO, USA) was given before surgery as an analgesic. Surgical procedures were conducted using aseptic techniques. One end of a silastic catheter was implanted into the external right jugular. The other end ran subcutaneously, exited from a small incision on the back, and attached to an infusion cannula (PlasticsOne Inc. Roanoke, VA, USA). Cephazolin (10 mg/0.1 ml) was given post-surgery (0.1 ml IV) and during recovery along with 0.05 ml of TCS catheter locking solution. Cocaine self-administration began following at least 5 days of recovery from surgery.
Cocaine self-administration, extinction, and reinstatement
Rats were trained in self-administration chambers (30×20×20 cm, Med Associates) containing two retractable levers, two stimulus lights, a speaker, and a house light. All selfadministration chambers were housed inside sound-attenuating cubicles. Each chamber contained tubing that extended through a spring leash attached to a swivel and a balanced metal arm. A 10 ml syringe was mounted on a pump outside the cubicle, which supplied drug infusions. Cocaine hydrochloride (provided by the National Institute on Drug Abuse, Research Triangle Park, NC, USA) was dissolved in 0.9% sterile saline and administered at 0.2 mg (males) or 0.15 mg (females) cocaine per 50 ul bolus. A computerized program (MED-PC, Med Associates, St Albans, VT) controlled the collection of data. Cocaine self-administration occurred during daily 2-hour sessions on an FR1 schedule of reinforcement. During the sessions, a response on the active lever resulted in a 2 s infusion and 5 s presentation of a light and tone stimulus complex, followed by a 20 s time out. Responses occurring during the time out and on the inactive lever were recorded without scheduled consequences. Before each session, catheters were flushed with 0.1 ml of saline. To verify catheter patency, rats occasionally received a 0.10-0.12 ml infusion of methohexital sodium (Eli Lilly, Indianapolis, IN, USA), a short-acting barbiturate that produces a rapid loss of muscle tone when administered intravenously. After each self-administration session, rats' catheters were flushed wisth 0.1 ml Cefazolin and 0.05 ml TCS.
Rats underwent extinction following completion of cocaine self-administration. Extinction consisted of daily 2-hr sessions for at least 7 days and responding on either lever had no scheduled consequences. Extinction criterion was ≤20 active lever presses for two consecutive days. Upon meeting of extinction criterion, rats were tested on conditioned cued reinstatement tests (detailed below). During the conditioned cued test, responding on the active lever resulted in the presentation of light and tone stimulus complex.
Experiment 1a: Oxytocin's effect on cocaine intake in females
In this experiment, females underwent self-administration as described above. First, we tested the effects of oxytocin on established cocaine maintained responding. Females (n=15) first learned to lever press for cocaine for at least 7 days (with > 10 infusions/session). Once cocaine intake stabilized (within 20% difference in number of infusions received between the last two days), each rat was tested with a unique order of vehicle, 0.1, 0.3, 1 and 3 mg/kg oxytocin at the volume of 1 ml/kg (IP, Cell Sciences, Canton, MA). Each solution was administered 30 min before daily self-administration sessions. To reach criteria between tests, rats were again required to have two consecutive days in which the numbers of infusions earned were within 20% of each other.
Experiment 1b: Oxytocin's effect on cued-induced reinstatement in females
Females (n=18) underwent self-administration and extinction as previously described. Rats were trained to lever press for IV cocaine for 10 days, followed by at least 7 sessions of extinction. When extinction criterion was met, all rats underwent cue-induced reinstatement. In this reinstatement test, rats are returned their self-administration chambers and responding on the active lever resulted in the presentation of light and tone stimulus complex (identical to self-administration) but not an infusion of cocaine. Before each discrete reinstatement trial, with a minimum of 2 extinction sessions between reinstatement tests, rats received an injection of oxytocin (0.1, 0.3, or 1 mg/kg) or vehicle in a counterbalanced order for a total of four reinstatement tests. Previous work from our laboratory has consistently shown that responding remains stable over multiple reinstatement tests (Reichel and See, 2010; Cox et al., 2014) .
Experiment 2: Oxytocin's effect on cocaine-induced locomotor activity in males and females
To explore the effect of oxytocin on cocaine-induced locomotor activity in both males and females, rats underwent a single locomotor test assessed in clear acrylic chambers (approximately 40×40×30 cm) equipped with Digiscan monitors (AccuScan Instruments Inc., Columbus, OH, USA). Each chamber contained a 16×16 photobeam array for the x and y axes and 16 photobeams for the z axis. Photobeam breaks were detected by a Digiscan analyzer and horizontal activity was recorded by DigiPro software (Version 1.4). Males (n=10-12, per group) and females (n=10-12, per group) were injected IP with vehicle or one single dose of oxytocin (0.1, 0.3, 1, or 3 mg/kg) and placed in the locomotor chamber for 30 min to obtain an initial locomotor effect of oxytocin. After 30 min, rats were injected with 10 mg/kg cocaine and returned to the locomotor chamber for an additional 120 min to determine effect of oxytocin on cocaine-induced hyperlocomotion.
Estrous cycle monitoring
Females were habituated to vaginal cytology procedures during early extinction. Vaginal lumen samples were obtained by flushing 30 µl ddH 2 O with a sterile pipette tip and extracting the sample using a micro pipette immediately prior and following extinction sessions. Vaginal lumen samples were smeared onto a glass slide and stained with Quik-Dip Hematology Stain (Mercedes Medical, FL). Cycle phase (estrus, proestrus, diestrus) was classified based on previously published criteria (Marcondes et al., 2002; Feltenstein et al., 2011 ) with a light microscope set at 10× magnification. Rats were tested upon meeting of extinction criterion (< 25 lever presses for 2 consecutive days) and vaginal lumen samples were obtained prior to reinstatement test.
Data analysis
One-way repeated measures analysis of variance (ANOVA) was used to evaluate the effects of oxytocin on cocaine intake and active lever presses, while two-way ANOVA evaluated the effect of estrous cycle on reinstatement. Two-way ANOVA was used to analyze differences in cocaine-induced locomotor activity between males and females following oxytocin administration. Pairwise comparisons were conducted using Dunnett's multiple comparisons test. All data are presented as the mean ±S.E.M., and α was set at p < 0.05.
Results
Experiment 1a: The effects of oxytocin on maintenance of cocaine self-administration in females
A one-way repeated measures ANOVA revealed that oxytocin decreased active lever presses for cocaine during the self-administration session [ Figure 1C , F(4,74) = 9.63, p < 0.0001]. Specifically, oxytocin at doses of 0.3, 1.0, and 3.0 mg/kg resulted in significantly less active lever presses than rats administered vehicle (Dunnett p < 0.05). Likewise, cocaine intake (mg/kg body weight) was reduced during the session [ Figure 1D , F(4,74) = 17.9, p < 0.0001] following administration of 0.1, 0.3, 1.0, and 3.0 mg/kg oxytocin doses relative to vehicle (Dunnett p < 0.05). To determine whether active lever responding decreased over time with multiple oxytocin injections, average active lever presses for two days prior to each test day were compared. Females did not display a decrease over time but instead a one-way repeated measures ANOVA revealed that active lever responding increased between the first and last oxytocin injection [F(4, 70) = 3.34, p < 0.05] indicating a training effect (Table 1) .
Experiment 1b: The effects of oxytocin on cue-induced reinstatement of cocaine seeking in females
A one-way repeated measures ANOVA revealed that oxytocin decreased active lever presses during the cue-induced reinstatement test [ Figure 2C , F(3,71) = 3.96, p < 0.05]. Specifically, 1.0 mg/kg oxytocin decreased lever responding in the cue-induced reinstatement test relative to vehicle (Dunnett p < 0.05).
Given that only one dose of oxytocin (1 mg/kg) decreased lever responding in the cueinduced reinstatement test, estrous cycle data was analyzed comparing the effective dose of oxytocin (1 mg/kg) against vehicle. Figure 2D depicts cue-induced reinstatement of cocaine seeking at the effective dose of oxytocin (1.0 mg/kg) during three phases of the estrous cycle (estrus, diestrus, proestrus). A two-way ANOVA revealed no significant interaction between oxytocin and cycle, and no significant main effect of cycle. Consistently, there was a main effect of oxytocin dose [F(1,37) = 4.66, p < 0.05]. To determine whether cocaine intake decreased over time with multiple oxytocin injections, average cocaine intake for two days prior to each test day were compared. Table 1 revealed that females displayed stable cocaine intake over multiple injections of oxytocin.
Experiment 2: Oxytocin reduced cocaine-induced locomotor activity in females, but not in males
Prior to administration of cocaine, oxytocin was administered to rats i.p. before placing them into locomotor chambers (Figure 3) . Figure 3A depicts locomotor activity in males and females during the 30 min period following oxytocin injection without cocaine. In general, females had greater locomotor activity counts than males [sex main effect, F(4,102) = 4.07, p < 0.05] and oxytocin decreased responding in both sexes [oxytocin dose main effect, F(4,102) = 10.65, p < 0.001]. A follow up comparison showed that 0.3, 1.0, and 3.0 mg/kg and 0.1, 0.3, 1.0, and 3.0 mg/kg were effective in females and males, respectively. Consistently, the data revealed a similar pattern when analyzed through the time course of locomotor activity (5 min time bins over the 30 min period). In females, oxytocin significantly reduced locomotor activity [ Figure 3B , F(4, 49) = 9.73, p < 0.001], with multiple doses of oxytocin (0.3, 1.0, and 3.0 mg/kg) reducing locomotion. In males, oxytocin impacted locomotor activity as well [ Figure 3C , F (4, 51) = 8.46, p < 0.01), with all doses of oxytocin (0.1, 0.3, 1, and 3 mg/kg) decreasing distance traveled across the session. Figure 4A depicts locomotor activity following cocaine injection with concurrent oxytocin. Specifically, Figure 4A shows sex differences in oxytocin's ability to influence cocaineinduced locomotor activity (i.e., horizontal activity) over a 120 min period. A two-way ANOVA revealed a significant main effect of sex [F(1, 98) = 13.71, p < 0.001] and oxytocin dose [F(4, 98) = 4.85, p < 0.01). Furthermore, there was a sex × oxytocin dose interaction [F(4, 98) = 3.37, p < 0.05], suggesting that females were more prone to reduced cocaineinduced locomotor activity than males following oxytocin administration. In females, all four doses of oxytocin (0.1, 0.3, 1, and 3 mg/kg) decreased the distance traveled relative to vehicle (Dunnett, p < 0.05). In contrast, oxytocin had no effect on cocaine-induced locomotor activity in males. A similar pattern of results was obtained when evaluating Leong et al. Page 6 Exp Clin Psychopharmacol. Author manuscript; available in PMC 2017 February 01.
distance traveled in 5 min time bins over the course of the session. Following cocaine injection, females had a significant dose × time interaction [F(92, 1081) = 4.41, p < 0.001], with all doses of oxytocin (0.1, 0.3, 1, and 3 mg/kg) decreasing the distance traveled across the session in the subsequent 120 min ( Figure 4B ). Following cocaine injection, males displayed no effect of oxytocin dose but did display a significant dose × time interaction [F(92, 1173) = 1.63, p < 0.01], driven by an early effect of oxytocin (0.1, 0.3, and 1.0 mg/kg) only in the first 10 min (Dunnett's multiple comparisons, p < 0.05) ( Figure 4C ). However, no other effects of oxytocin dose on cocaine-induced locomotor activity were evident across the entire session. To account for variability on cocaine-induced locomotion, data was analyzed as a conversion to percent of control responding. Vehicle group locomotor activity was set at 100 percent responding and locomotor activity in groups of rats receiving oxytocin were normalized and compared to vehicle. This analysis yielded similar patterns of behavior. Females displayed a significant dose × time interaction [F(92, 1081) = 1.33, p < 0.05], with oxytocin (0.3 and 3.0 mg/kg) decreasing distance traveled across the session ( Figure 4D ). Males continued to display no effect of oxytocin dose indicating that oxytocin administration did not impact cocaine-induced locomotion ( Figure 4E )
Discussion
In the present set of experiments, an acute peripheral injection of oxytocin reduced active lever presses and cocaine intake during self-administration in female rats. Additionally, an acute injection of oxytocin reduced reinstatement of cocaine seeking as evidenced by decreased active lever presses during the conditioned cue-induced reinstatement test. Furthermore, acute administration of oxytocin had a significant impact on cocaine-induced locomotor activity in females.
The present findings are consistent with the attenuating effect of intra-cerebral (MoralesRivera et al., 2014) and systemic (Zhou et al., 2014 ) oxytocin on cocaine self-administration and reinstatement in male rats. Both females (current report) and males (Zhou et al., 2014) used parallel doses and route of oxytocin injection in males and reported similar findings. Along the same vein, oxytocin decreased active lever responding for sucrose and sucrose intake in both males and females, although females were more sensitive to lower doses of oxytocin, with males only responding to higher doses (Zhou et al., 2015) . Oxytocin's attenuating effect on cocaine-seeking in male and female rats contributes to growing literature on oxytocin as a potential therapeutic target for psychostimulant addiction (Carson et al., 2010a; Cox et al., 2014) . Additionally, repeated oxytocin (1.0 mg/kg, i.p.) during adolescence (PND 28-37) inhibited motivation, assessed on a progressive ratio (PR) schedule of reinforcement, to self-administer methamphetamine during adulthood (PND 62) in female rats (Hicks et al., 2015) . Our present study shows that repeated intermittent administration of oxytocin did not decrease maintenance of active lever presses or cocaine intake in female rats (Table 1) . This discrepancy may be attributed to differences in reinforcement schedule (FR vs. PR), drug reward (cocaine vs. methamphetamine), or age of oxytocin exposure (adulthood vs. adolescence). Oxytocin similarly attenuated cocaineseeking in females and males (Zhou et al., 2014) , which contrasts our reported sex differences in sucrose intake (i.e., a non-drug reinforcer) following oxytocin (Zhou et al., 2015) . In these studies females were more sensitive to lower oxytocin doses when responding for sucrose-conditioned cues (Zhou et al., 2015) . Taken together, these findings suggest oxytocin may mediate drug and natural reward processing via different mechanisms in male and female rats. For example, oxytocin had a greater impact in natural reward processing in females, while exerting a similar effect on drug reward processing. The differing circuitry underlying the drug reward and natural reward shows that dopaminergic activity within nucleus accumbens is important in drug seeking, while the lateral hypothalamus is a key structure in mediating food seeking (for review see DiLeone, Taylor, and Picciotto, 2012).
The ability of 1 mg/kg oxytocin to decrease cued reinstatement was not attributed to fluctuations in estrous cycle. Overall, circulating ovarian hormones influenced neither cueinduced reinstatement nor the oxytocin attenuation of behavior. These results echo previous research suggesting that female estrous cycle is not a primary factor influencing cue-induced reinstatement of cocaine seeking (Fuchs et al., 2005) . Similarly, female estrous cycle did not influence meth-primed reinstatement or oxytocin's ability to attenuate meth-primed reinstatement (Cox et al., 2013) . Rather than cycle phase, oxytocin may impact cocaineseeking through dopaminergic interactions. Oxytocin decreased dopamine release and receptor binding in mesolimbic brain structures (Sarnyai and Kovacs, 1994) , and antagonized cocaine enhanced dopamine receptor binding and downstream signaling in the nucleus accumbens (Kovacs et al., 1990) . Oxytocin also inhibited striatal dopamine transmission while simultaneously attenuating methamphetamine-induced hyperactivity (Qi et al., 2008) . Combined, these findings suggest that oxytocin may directly counteract cocaine's rewarding properties through attenuation of cocaine-induced dopaminergic signaling. Alternatively, oxytocin may be inherently rewarding, thus counter-acting the rewarding properties of both drug (e.g., cocaine) and non-drug (e.g., sucrose) reinforcers. Our enthusiasm for this line of reasoning is dampened because oxytocin does not condition a place preference (Qi et al., 2009; Baracz et al., 2012) unless at high doses (8 mg/kg; Liberzon et al., 1997) . To date, it is unknown whether oxytocin acts as an instrumental reinforcer in a self-administration paradigm. Importantly, all of these aforementioned studies have only used male rats and one cannot assume simple extrapolation of these findings to females.
An important question in regards to oxytocin's suppressive effects on locomotion is whether or not this suppression can account for the decrease in reinstated responding. Previously, we reported that female rats were more sensitive to locomotor attenuation following systemic injections of oxytocin (Zhou et al., 2015) . In that report, only the highest dose of oxytocin attenuated locomotor activity in males. However in the current report, oxytocin equally decreased motor activity in males and females before cocaine administration (see Figure 3 ). These contrasting finding may be explained by methodological considerations. In the former study, rats received oxytocin and returned to the home cage for 30 min prior to placement in the locomotor chamber. In the later study, rats received oxytocin and then where immediately placed in the chamber. Thus, behavior was recorded during the time of oxytocin's highest locomotor suppressing effects. In regards to cocaine induced locomotor activity, we found a greater reduction in cocaine-induced activity following oxytocin in females. Therefore, the present study suggests that the attenuation of cocaine seeking in male rats may likely not be attributed to a reduction in locomotor activity. However, locomotor activity cannot be ruled out as a potential explanation for decreased cocaine seeking in females.
Consistent with others (Festa et al., 2004; Walker et al., 2001) , we found cocaine induced greater activity in female rats relative to male rats, and oxytocin brought activity down to a level consistent with a male baseline. These pattern of results were observed across the entire 120 min session as well as in the first ten 5 min bins (50 min) (data not shown), suggesting that this effect was not merely diminished cocaine action. In order to account for the variability in baseline locomotor activity, we further analyzed oxytocin's effect on cocaine-induced locomotion by normalizing locomotor behavior to vehicle controls in males and females. This yielded a similar pattern of results, with oxytocin impacting cocaineinduced locomotion in females but not in males. These findings are interesting because oxytocin (1 mg/kg) attenuated meth-induced activity (Carson et al., 2010a) . Albeit, there are sexual dimorphisms in central and peripheral oxytocin receptor distribution and function (Adan et al., 1995; Dumais et al., 2013; Fuchs et al., 1982; Vane & Williams, 1973) , there are also inherent sex differences in cocaine-induced locomotor activity (Festa et al., 2004; Walker et al., 2001) . Given the cocaine-induced sex difference in locomotor activity we report (Figure 4 ), the ability of oxytocin to inhibit hyperactivity in males is compromised because there is a reduced margin of baseline hyperactivity.
Numerous studies have determined that systemically administered oxytocin influences behavior through a central site of action. For example, systemic oxytocin reduced cocaineinduced sniffing behavior, an effect blocked by intracerebroventricular infusion of an oxytocin antagonist (Sarnyai et al., 1991) . Similarly, peripherally administered oxytocin increased fos expression in hypothalamic nuclei (Carson et al., 2010b) . However, these studies have been conducted in male rats and it remains unknown whether systemic oxytocin can influence behavior through a similar centrally mediated site of action in females. Few studies have examined the effect of peripherally administered oxytocin on central mechanisms in females. However, one study found that oxytocin influences sexual behavior differently depending on central or peripheral administration in female prairie voles (Witt, Carter, and Walton, 1990) . Our data suggest that systemically administered oxytocin, while producing similar effects on cocaine seeking, potentially influences locomotion differently in female and male rats.
Overall, our findings reveal that systemically administered oxytocin reduced lever pressing for cocaine and cocaine intake during self-administration. Similarly, oxytocin attenuated cue-induced reinstatement of cocaine seeking following a period of extinction. These results parallel findings in male rats (Zhou et al., 2014) . Furthermore, our results also display a potential sex-difference in oxytocin's effect on cocaine-induced locomotor activity. Here, we showed that peripheral administration of oxytocin reduces cocaine-induced locomotor activity in females, but not in males, although possible caveats must be taken into consideration. Determining differences in peripherally vs. centrally driven oxytocin effects in males and females will be important as oxytocin continues to gain popularity as a therapeutic target for drug addiction. 
